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CONVERSION  OF  SPACE-RECORDED  CODES  INTO 
ELECTRICAL  BY  THE  OPTICAL  METHOD 


Yegorov,  Vu.V.,  Naumov,  K.P. 

Correlation  systems  of  the  optical  type  [1,  2,  3],  which  recently 

have  been  used  extensively  for  processing  radar  signals,  can  be  used 
for  the  generation  of  complex  electric  signals.  In  a  system  of  such  a 
type  (Fig.  1)  the  electric  signal  on  the  output  of  the  photidetector  i 
obtained  as  a  result  of  the  correlation  of  the  signal  which  is 
spatially  recorded  on  transparency  T.  The  signal  has  a  short  radio 
pulse  which  IS  pass..ng  in  a  transparent  sound  duct  of  an  ultrasonic 
lighi  modulator  ; UCMC)-  Here  the  radio  pulse  "reads"  the  space  signai 
from  the  transpa;'ency.  converting  it  into  a  time  [signal]. 

A;-  IS  Kncwfi  K'l.  in  the  system  which  is  shown  in  Figure  1  the 
out  r  u  t  voltage  will  t-  e 

iX)  ^  A  j v*Cx-T)Ux  cos[^* 

where  u^'x).  U2(x!  -  complex  envelopes  of  the  signal  and  the 

trarjsp;arer.  12  '  'C  '  ~  envelope  of  the  correlation  function 

initial  signals;  -  frequency  of  the  carrier  signal  in  the 


of  the 
UZMS  . 


Figure  1  . 

Key;  (1)  UZMS  ;  (2)  Collimated  light;  (3)  Diffraction  orders; 

(4)  FEU;  (5)  Band  amplifier;  (6)  Modulator. 

It  IS  evident  that  undistorted  read-out  v;ould  be  possible  only 
when  U2  i  y.  }  =  i  :  if  read-out  takes  place  with  a  pulse  of  duration  Iq 

then,  as  can  be  obtained  readily  from  the  correlation  integral,  the 
minimum  duration  of  the  front  of  the  signal  which  is  read  out  is  equal 
tr  Iq,  and  the  minimal  distance  between  two  successive  pulses 
(interruptions)  of  the  transparency  should  be  no  less  than  2  '-^tQ. 


An  exfjejimenta.  investigatiC'n  was  made  of  the  read-out  of  a  sign  a 
from  a  transparer. cy  which  was  made  by  the  photo  method  in  the  form  of 
aij  a  r.i  ;■ )  1  1  u  d  t;  cifiiactioi;  giatitic.  manipulated  in  phase  relative  to  ttie 
space  carriei  (b  1  mm)  in  conformity  with  the  law  of  pseudorandom 
binary  sequence  with  base  7;  the  overall  length  of  the  transparency 
was  171.45  mm.  Figuie  2  shows  in  a  strongly  magnified  form  a  small 
poTtion  of  the  transparency,  illustrating  its  structure.  The  read-cut 
pulse  had  a  carrier  of  b.35  MHz,  pulse  duration  varied  fro  mi  1  ps  to  u  . 
pis.  The  read-out  was  made  of  different  sectors  of  the  transparency 
with  a  length  fi'om  2C  mm  to  171.45  mm. 


Figure  2 . 


Figure  3 . 


Figure  3  sf-cv.'s  the  osrilJogran'  cf  the  signal  which  was  read  cu* 
from  a  rj  apejture  of  3j  mif  with  a  pulse  tQ  =  C.5  .  The  result  of  the 

read  - cut  is  a  ptas^-nar,  ipulated  radio  signal,  the  changes  of  state  of 
phase  of  the  cariie-’  i6.35  MKr.  )  confer  ir,  to  the  passing  of  the  envelofes 
througti  ze;'o,  and  ttie  duration  of  the  pulse  fronts  is  equal  to 
t.=C.E  (on;.  1  o  ?■  i  ■'  di-.ision  on  the  oscillogram  corresponds  ti 


The  first  four  pulses  (on  the  left)  correspond  to  the  four  phase 
interruptions  or.  that  particular  segment  of  the  transparency  (Fig.  2). 

The  er.  f'er  liter  t  confirms  the  possibility  of  generating  electric 
signals  by  the  optical  method,  and  the  structure  and  type  of  signal 
geri  elated  aie  determ,  i  red  only  by  the  structure  and  type  of 


4 


transparency.  This  distinguishes  this  method  of  signal  generation 
favorably  from  the  known  radio-engineering  methods. 
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CORRELATION  PROCESSING  OF  PERIODIC  BINARY 
PSEUDORANDOM  CODES  BY  THE  OPTICAL  METHOD 


Y  e  g  o  r  o  V  ,  Y  u  .  V  .  ,  N  a  u  m  c  v  ,  K  .  P  . 

Optical  syst«=“ins  of  correlation  processing  of  radio  signals  [1,  1, 
3)  have  advar.  taaes  over  radio  engineering  in  their  irultichanneiir,  a 
.  t  e  _  1  t  :  : .  f  ;  c  p  *  h  c  t  w  :  -  d  i  m  e  n  s  i  c  n  a  1  nature  of  the  first!  and  s  i  r  ^  ^ 
in  obtaitiric  c:.  ire^aMor  furictions  of  comple:-:  signals.  Tne  resjl’'£'.  oJ 
a:,  e.yp^iine:.*  cr  the  corieiation  processing  cf  a  fcinai'y  pseudc  land'.’ir 
are  de-sri  rPe  ■.  in  this  work. 


M  V  C  1 

Key;  (!'  UZM.t:  (I)  Ccllimated  light:  (3)  Diffraction  orders- 

(4i  FE’J;  (b)  Baric  amplifier:  (6)  Oscillograph:  f7)  Modulator; 

IP)  C  c  ^  p  q  e  n  e  ;■  p  *  ^  r  . 
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The  code  gener^’'^or  forms  a  binary  sequence  of  pulses  according  tc:  the 


rule 


where  i  =  7  8,  9,  and  •  ci,  =»  ♦f . 

The  duration  of  the  code  is  equal  to  127  to,  where  to  -  duration  of 
cycle,  equal  to  1  p.s  .  After'  the  balance  modulator  a  phase-manipulated 
radio  signal  if  of  carrier  =  6.35  mHz)  is  obtained  which  enters  the 
ultrasc-^ic  light  mcdulatcr  (  UZKS  )  .  The  modulator  is  a  cuvette  with 
alco.hcl  in  which  a  piezoceramic  element  (type  TsTS-19)  exv,ites 
ultrascr.  1C  never.  Figure  2  shows  the  oscillogram  of  a  pcrticn  of  the 
signal  which  is  being  pi'C' cessed.  In  conformity  with  the  code  the 
*ransparericv  wa.^^  made  in  tt;e  form  of  an  amplitude  diffraction  gratinp. 
p  h  a  s  -  r  "  d  a  *  e  ■'  i'  e  1  a  *  ;  ^  *  "  1 1.  s  p  a  c  ?  carrier  and  equal  t  F  1  •  m  r  . 


F  1  g  u  r  f  h  . 

I.  Figuie  1  tne  voltage  cr,  i:,e  oul;.- 


t  h  e  L  a  r. 


=  Aj^i  Cos  [  *^V  •*  tffTj]  = 

=  A (T)  CoS  I  oj,x-t  9fT)J^ 

Where  uj^(x)  and  U2(x)  -  complex  envelopes  of  the  signal  of  the  UZMP  an 

the  transparenc'.r  '1 1 2  ^  'C  )  -  envelope  of  the  correlation  function  of 

these  signals-  -  carrier  frequency. 


F  1  ^  j  . 

T  :  (  .  i  '  r  r  of  the  envelope  o  i  the  a  u  t  c  c  c  r  r  e  1  a  t  i  ■:  n 

In:  •  j  ; .  r  •  t  i  a  .1 ..  s  i  a  n  o  1  ,  manipulated  in  phase  by  a  p  s  e  u  d  o  r  a  r.  c  o 
;  •  '  .  :  c  <  t  a  s  €  sever,  [  4  ]  ,  is  s  r,  o  w  n  in  F  i  a  .  i  e  i  . 

T 1 ;  f  r  ;  I  e  a  M  r  !  f  u n c  t  i  r- 1 .  of  the  signal  and  the  transparency  whirl 

war  c;  tain  ec.  e  -  i  i  r  e  t  a  1  1  y  is  shown  in  Figure  4.  The  observed 

in  the  experiirental  correlation  functions  and  theoretical  i 
t  1  .  ; .  •  i  j  *  :  ‘  i  .  .  1  _  i .  g  factors:  the  imperfect  f  o  r  iti  of  the  r  a  a  ^  _ 
Eigr.al  :  F  .  .  2'  nc-iiaeal  conformity  of  the  transparency  to  the  sict.f.; 
t.  *-  f.lterin  a  fiopeities  of  the  band  amplifier  and  the  aberrations  :: 


e 


the  optical  system. 


The  influence  of  these  factors  on  the  correlation 


function  can  be  calculated  th-^oretically. 


figure  4 . 

Thus  tlie  experiment  confirms  the  possibility  of  correlation 
processing  cf  complex  lengthy  radio  signals  (signal  length  127  jus 
■gains*  ''.2  us  in  wc’'h  [3j!  I  y  the  optical  method.  With  replacement  c 
lens  f/l  by  a;i  istigmatic  puii  the  system  is  converted  to  multichannei, 
one  the  t ;  c.  r.  s  ^  1 1  on  to  tije  processing  c.  £  anctiie;  signal  is  connecte.. 
only  Kith  replucemenl  of  th*-  transparti, cy. 
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DIFFRACTION  SPATIAL  OPTICAL  LIGHT  MODULATOR 
WITH  CROSSED  ULTRASONIC  FIELDS 

Yegorov,  Yu.V.,  Naumov,  K.P., 

Diffraction  ultrasonic  light  filters  (U2MS)  are  the  most  effective 
means  for  entering  radio  signals  into  operational  optical  processing 
systems.  In  this  woik  a  review  is  made  of  the  technical  feasibility  of 
an  astignatic  optical  piocessing  system  using  crossed  UZMS  instead  c: 
the  single-dimensional  modulator  which  is  usually  used. 


F 1  g  u  ;  •  J  . 

Figure  i  sr.iv. iiit  ..e  ycut  of  the  modulator,  tne  modulating  fielc 
of  which  IS  formed  by  orthogonally  crossed  ultrasonic  tiavcling 

waves  with  en velcfes  u;;  and  uy,  excited  by  converters  Pj  and  Po-  In 
the  accepted  s  y  c • 
form  of  w  a  V  e 


err  cf  ccc'tdinates  the  envelopes  uj  and  U2  have  the 


The  collimated  light,  directed  perpendicular  to  the  plane  of  the 
modulator,  is  modulated  by  waves  (1)  and  enters  the  lens  astigmatic 

pair  with  axes  Xq ,  such  that  Xq  "  the  coordinate  along  which  the 

Fourier  transform  is  fulfilled,  and  y^  -  the  coordinate,  relative  to 
which  the  actual  image  is  formed  in  the  plane  of  the  photodetector.  If 
the  system  of  coordinates  (Xq,  yQ)  is  turned  relative  to  the  systeixi  ix, 
y)  by  the  angle  then  after  the  conversions  of  the  coordinates  the 

waves  (1’  are  reduced  to  the  form: 

s  *  tT  (  i;' ,  c« /i 

V'=.  -  s  r  e  *=  1  r  u  ’  t  )•  a  s  r  II  r. :  '  . 

Under  the  assumptici.  of  the  properties  indicated  for  the  optical 
syjier  -!  oc;  i-.-  sh'..;-  ,  the.:  1  !,•  optical  oi  electrical  signal  lecrid-.d 

on  tl;f  cutpu*  IS  p- r  opc  1  1  c:.e  1  to  the  integral 

J  (  3  ) 

A 


1  1 


Here  : 


t ^ ,  ‘f’*  -  4  ‘  4 

A  -  aperture  of  the  optical  system. 

The  integral  transformation  (3)  which  is  made  by  the  optical 
system  has  a  different  mathematical  meaning  with  different  methods  of 
indication  of  light  distribution. 

Actually,  If  1/  S>  =C  (i.e.,  S=l,  C=l),  then 

ju,  (ij  a  *  rVf  =  u  •  «/,  =  /e,.  (T)  ^  ^  ^ 

where  ^  s  {ij- i-^J- 

Thus  ir.  this  case  the  distribution  of  light  in  the  output  plane  will  be 
df'cc.-itec  by  a  f  u  t,  c  t  .  r,  cf  mutual  correlation  of  the  envelopes  u;  and 
u  -  ,  the  maximun  cf  which  has  the  coordinate  • 

If  2/<^y  C-1),  then  in  the  case  of  using  spatial 

photoelect!' 1C  integi-a''-icn  in  the  photodetector  and  band-pass 
filtration  tfie  envelope  of  the  radio  signal  will  be  proportional  to  tt;€ 
integial  [11: 


J.l  ^ 


(  5  ) 


which  is  the  convolution  function  of  the  envelopes. 


It  is  interesting 


that  in  this  case  the  dependence  of  the  integral  on  Yq  disappears. 

If  (0<C<l/5  ^  then  the  light  distribution 

on  the  output  will  be  described  by  the  integral 

where  ■  Consequently  the  distribution  is  determined  by  the 

function  of  mutual  correlation  of  uj  and  u 2  with  the  variable  scale 
coeificient  m  relative  to  the  variable  t,  and 

rn»  iJc  ^  ~  • 


Thu^-  the  use  of  the  device  described  in  an  optical  system  makes  it 
pass; Me:  1'  to  carry  cut  correlation  processing  of  radio  signals  with 

a  spatial  separation  cf  the  output  signal  (including  in  the  case  of 
variable  time'  scales  of  the  signals);  2/  to  distinguish  the  time  signal 
which  IS  proportional  tc  the  convolution  function  of  the  signals  icr 
the  function  of  mutual  c-itelaticn  of  the  two  "mirror"  signals/. 
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